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The present invention relates to an aircraft piloting 
system, at least for piloting the aircraft during a non 
precision approach with a view to a landing. 

5 Within the framework of the present invention, the 
expression "non precision approach" is understood to 
mean an approach which is not an instrument precision 
approach, such as for example an approach of ILS 
("Instrument Landing System") type. It is known that, 

10 in order to implement an instrument precision approach, 
use is made of ground stations that are situated on the 
strip verge and at least one specialized radio receiver 
mounted aboard the aircraft, which provides horizontal 
and vertical guidance before and during landing by 

15 presenting the pilot with the lateral deviation with 
respect to an approach axis and the vertical deviation 
with respect to a descent plane. Such an instrument 
precision approach affords considerable and effective 
assistance with landing (through lateral guidance and 

20 vertical guidance) in particular through poor 
visibility (fog, etc) or in the absence of visibility. 

A non precision approach, such as considered in the 
present invention, therefore exists when the above 
25 information is not available, at least in part, so that 
a standard precision approach cannot be implemented. 

The present invention relates to a piloting system 
making it possible to implement a non precision 
3 0 approach such as this. 

For this purpose, according to the invention, said 
piloting system of the type comprising: 

- information sources ; 

3 5 - an information processing unit, which processes 
information emanating from said information sources; 
and 

- a user device, which uses the results of processings 
implemented by said information processing unit, 
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is noteworthy in that : 

- said information sources provide said information 
processing unit with at least one indication of 
position relating to the actual position of the 

5 aircraft and information making it possible to 

characterize a virtual approach axis; and 

- said information processing unit comprises a landing 
aid multimode receiver comprises an assisted approach 
mode function, which is able to determine the lateral 

10 and vertical deviations between the actual position 

of the aircraft and the position that it would have 
if it were on said virtual approach axis, and which 
transmits the lateral and vertical deviations thus 
determined to said user device. 

15 

Such a landing aid multimode receiver, preferably of 
MMR ("Multi Mode Receiver") type, is intended in a 
standard manner to implement an instrument precision 
approach, for example of ILS type, by using the signals 
20 transmitted by the aforesaid ground stations. 

By virtue of the integration in accordance with the 
invention of said so-called FLS assisted approach mode 
function (which makes it possible to implement a non 

25 precision approach) into said landing aid multimode 
receiver, it is possible to use links between equipment 
(computers, sensors) that already exist, as specified 
hereinbelow, and the implementation of the invention 
requires only modifications of software type, thereby 

3 0 making it possible of course to reduce the cost and 
bulk. 

Moreover, the solution is very robust and upgradeable, 
since any updates can be carried out (simply and 
3 5 rapidly) in software fashion. 

Advantageously, said landing aid multimode receiver 
comprises a satellite-based positioning function, 
linked with a satellite-based positioning system. 
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Furthermore, in a preferred embodiment, said 
information sources comprise a flight management 
computer, preferably of FMS ("Flight Management 
5 System") type, as well as a plurality of sensors which 
are connected to said flight management computer. 

Additionally, advantageously, said information sources 
comprise, moreover, an inertial reference unit which 
10 determines a first position indication of the aircraft. 

In this case, in a first variant, said inertial 
reference unit provides said first position indication 
to the flight management computer, which then transmits 
15 this first position indication to said landing aid 
multimode receiver. 

Furthermore, in a second variant, said inertial 
reference unit provides said first position indication 

20 directly to said landing aid multimode receiver, by way 
of a specific link. In this case, advantageously, said 
landing aid multimode receiver comprises a satellite- 
based positioning function linked with a satellite- 
based positioning system, which determines a second 

25 position indication, and said landing aid multimode 
receiver determines on the basis of said first and 
second position indications a first refined position 
indication, which is therefore particularly precise. 

3 0 Additionally, in a particular embodiment, the piloting 
system in accordance with the invention comprises a 
satellite-based positioning device which determines a 
third position indication which it provides to said 
inertial reference unit, and said inertial reference 

3 5 unit determines a second refined position indication on 
the basis of said first and third position indications. 
This makes it possible to obtain a particularly 
reliable and precise position indication. 


In this case, in a first variant, said inertial 
reference unit provides said second refined position 
indication to the flight management computer, which 
then transmits this second refined position indication 
to said landing aid multimode receiver. 

In a second variant, said inertial reference unit 
provides said second refined position indication 
directly to said landing aid multimode receiver, by way 
of a specific link. This makes it possible to improve 
the level of integrity of the aircraft's position 
indications and, moreover, to reduce their transmission 
deadline . 

Additionally, in another particular embodiment, the 
piloting system in accordance with the invention 
comprises a satellite-based positioning device which 
determines a fourth position indication which it 
provides to a flight management computer, said inertial 
reference unit provides said first position indication 
likewise to said flight management computer, and said 
flight management computer determines, on the basis of 
said first and fourth position indications, a third 
refined position indication, which it transmits to said 
landing aid multimode receiver. 

The figures of the appended drawing will elucidate the 
manner in which the invention may be embodied. In these 
figures, identical references designate similar 
elements . 

Figures 1 to 4 are the schematic diagrams of various 
embodiments of the piloting system in accordance with 
the invention. 

The system 1 in accordance with the invention and 
represented in a basic embodiment in figure 1, is 
intended for the piloting of an aircraft, in particular 
of a civil transport plane, at least for piloting the 
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aircraft during a non precision approach (that is to 
say in the absence of information making it possible to 
implement a standard instrument precision approach) 
with a view to a landing on a landing strip (not 
5 represented) . 

Said piloting system 1 which is carried on board the 
aircraft, is of the type comprising: 

- information sources 2; 

10 - an information processing unit 3, which processes 
information emanating from said information sources 
2 ; and 

- a user device 4, which uses the results of 
processings implemented by said information 

15 processing unit 3 . 


According to the invention : 

- said information sources 2 provide said information 
processing unit 3 : 

20 ■ with at least one position indication relating to 

the actual position of the aircraft, which position 
indication may be determined and transmitted in 
various ways within the framework of the present 
invention, as specified hereinbelow; and 

25 ■ information making it possible to characterize a 

virtual approach axis, for the approach to the 
landing strip. Of course, this information, 
considered in the non precision approach of the 
present invention, does not comprise the data from 

3 0 guidance ground stations as in the case of an 

instrument precision approach; and 

- said information processing unit 3 comprises a 
landing aid multimode receiver 5, preferably of MMR 
("Multi Mode Receiver") type which comprises a so- 

3 5 called FLS assisted approach mode function 6, 

relating to a non precision approach and able to 
determine the lateral and vertical deviations between 
the actual position of the aircraft and the position 
that it would have if it were on said virtual 


- 6 - 

approach axis, and which transmits the lateral and 
vertical deviations thus determined to said user 
device 4, by way of a link 7. 

It is known that during a non precision approach, one 
of a plurality of possible assisted approach modes may 
be implemented, the assisted approach mode used being 
selected by the pilot. According to these assisted 
approach modes: 

- a virtual approach axis is determined, in particular 
on the basis of information contained in a database 
carried on board the aircraft and forming part of 
said information sources 2; 

- the lateral and vertical deviations of the position 
of the aircraft (of which a position indication is 
received from said information sources 2) with 
respect to this virtual approach axis, are computed 
by way of said FLS assisted approach mode function 6, 
which is integrated according to the invention into 
said landing aid multimode receiver 5; and 

- the aircraft is then piloted in such a way as to 
cancel out these deviations. 

More precisely, said user device 4 uses the information 
25 provided by said landing aid multimode receiver 5 to 
.allow the guidance of the aircraft up to its landing, 
either directly (the user device 4 can then comprise an 
automatic pilot) , or indirectly (the user device 4 can 
then comprise a display screen, for presenting said 
3 0 information to the pilot who in this case carries out 
the guidance) . 

As may be seen in figures 1 to 4 , said information 
sources 2 comprise a flight management computer 8, 
3 5 preferably of FMS ("Flight Management System") type, 
which is connected by a link 9 to said landing aid 
multimode receiver 5, as well as a plurality of sensors 
10, 11, 12 which are connected respectively by links 
13, 14, 15 to said flight management computer 8 and 
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15 


which comprise in particular: 

- a VHF omnidirectional alignment radiobeacon 10, 
preferably of VOR ("VHF Omnidirectional Range 11 ) type. 
An omnidirectional radiobeacon such as this, with 
very high frequency and short range, provides on 
board the aircraft an indication of a bearing of the 
radiobeacon or the left and right departures from the 
course; 

- a distance measuring device 11, preferably of DME 
("Distance Measuring Equipment") type. Such a device 
measures the round-trip time for signals between the 
aircraft and a sender/receiver on the ground and 
deduces therefrom the distance and the ground speed; 
and 

- an inertial reference unit 12, preferably of IRS 
("Inertial Reference System") type or of ADIRS ("Air 
Data and Inertial Reference System") type. 

The flight management computer 8 transmits information 
(position of the threshold of the landing strip, slope 
or angle of descent, etc) emanating, for example, from 
a database, to the landing aid multimode receiver 5, 
which information makes it possible to characterize a 
virtual approach axis which is representative of the 
assisted approach mode, selected by the pilot (from 
among the plurality of assisted approach modes that are 
possible for a non precision approach) . 

Additionally, said flight management computer 8 also 
transmits a position indication of the aircraft to said 
landing aid multimode receiver 5, which indication 
makes it possible to define the altitude, the longitude 
and the latitude of the aircraft. 

In the particular embodiment represented in figure 1: 

- in a first variant, this position indication is 
computed by the computer 8, on the basis of 
information received from various systems and sensors 
10, 11, 12; and 
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- in a second variant, this position indication is 
computed by the inertial reference unit 12, on the 
basis of its own sensors (pressure sensors for the 
altitude, inertial platform) . 

5 

The piloting system 1 in accordance with the invention 
comprises, moreover, a satellite-based positioning 
device 16, which is linked with a GPS ("Global 
Positioning System") type system and which comprises an 
10 antenna 17 and a software function 18 which is 
integrated into the landing aid multimode receiver 5. 

By virtue of the integration in accordance with the 
invention of said so-called FLS assisted approach mode 
15 function (which makes it possible to implement a non 
precision approach) into said landing aid multimode 
receiver 5, it is possible to use links between 
equipment (computers, sensors) that already exist, and 
the implementation of the invention requires only 

2 0 modifications of software type, thereby making it 

possible of course to reduce the cost and bulk. 

Moreover, this solution is very robust and upgradeable, 
since in general it requires only software updates. 

25 

Furthermore, numerous functionalities relating to the 
use of the parameters emanating from the landing aid 
multimode receiver 5, which functionalities are for 
example integrated into the user device 4 and which are 

3 0 developed in respect of instrument approach modes (for 

example ILS) , are reusable when an FLS assisted 
approach mode (in respect of a non precision approach) 
is selected. In a non- limiting manner, mention may be 
made of the automatic pilot guidance laws, as well as 
3 5 the displaying on a display screen of the deviations 
between the position of the aircraft and the approach 
axis [in this case however, a different display 
symbology is preferably used in FLS assisted approach 
mode (in respect of a non precision approach) to 
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attract the pilot's attention to the activation of this 
mode] . Thus, the architecture in accordance with the 
invention of the piloting system 1 facilitates the 
production of a man/machine interface which is as akin 
5 as possible to the standard interface corresponding to 
an ILS instrument approach. 

In another embodiment represented in figure 2, in a 
first variant, the inertial reference unit 12 is 
10 connected directly by a specific link 19 to the 
software function 18 of the GPS device 16. It receives 
a GPS position indication from this GPS device 16. 

In this case, said inertial reference unit 12 
15 determines, on the basis of its own position indication 
and of this GPS position indication, a refined position 
indication, thereby making it possible of course to 
increase the precision of the position indication which 
is then transmitted to the multimode receiver 5, via 
20 the computer 8 and the links 15 and 9. 

It will be noted that, in the embodiments of figures 2 
to 4, the sensors and the links of the piloting system 
1 which do not participate in the determination and in 
2 5 the transmission of the position indication have been 
presented by dashed lines. 

In a second variant of the embodiment of figure 2, the 
piloting system 1 comprises a link 22 (represented 

30 chain dotted) instead of the link 19. This link 22 
connects the software function 18 of the GPS device 16 
directly to the flight management computer 8. In this 
variant, said computer 8 receives a position indication 
(preferably comprising the altitude, the longitude and 

35 the latitude of the aircraft) which is computed by the 
inertial reference unit 12, directly from the latter 
via the link 15, and a GPS position indication, 
directly from said software function 18 via the link 
22. Said computer 8 computes, on the basis of these two 


position indications, a refined position indication, 
which it transmits to the multimode receiver 5. The 
advantage of this second variant over the first variant 
of figure 2, resides in the fact that this variant does 
not require any modification of the software of the 
inertial reference unit 12 . 

The embodiment of figure 3 is akin to that of the first 
variant of figure 2, the only difference being that the 
inertial reference unit 12 transmits the refined 
position indication directly to the multimode receiver 
5, with the aid of a specific link 20, that is to say 
without going via the computer 8 . 

This makes it possible to improve the level of 
integrity of the aircraft's position indication. 
Specifically, the computer 8 presents a level of 
integrity which is lower than the levels of integrity 
of the unit 12 and of the multimode receiver 5 . As a 
result of this, the level of integrity of the 
information is better when the multimode receiver 5 
receives it from the unit 12 than when it receives said 
information from the computer 8. 

Another advantage of this embodiment resides in the 
fact that the delay between the moment at which data 
(GPS signals, information from the sensors of the 
inertial reference unit 12) making it possible to 
compute said position indications, are received aboard 
the aircraft, and the moment at which said position 
indications are received by the multimode receiver 5, 
is less than in said first variant of the embodiment of 
figure 2, since the operation of processing of said 
position indications by the computer 8 is eliminated. 

This makes it possible to improve the performance of 
the guidance carried out (for example by the automatic 
pilot) on the basis of the information regarding 
departure (of the position of the aircraft from the 
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virtual approach axis) that is formulated by the 
multimode receiver 5. For example, it is possible to 
estimate this delay at around 1 second (corresponding 
to a distance traveled by the aircraft, hence to a 
5 position error, of around 72 meters for an approach 
speed of 140 knots) in the example of the first variant 
of figure 2, and at only 150 milliseconds (i.e. a 
position error of around 11 meters) in the example of 
figure 3. However, the guidance laws integrated into 

10 the automatic pilot are optimized for the ILS mode, in 
which a delay due to the processing of the information 
is of the order of 100 milliseconds (i.e. a position 
error of around 7 meters) . Said position error of 
around 11 meters being much like the position error of 

15 around 7 meters corresponding to the ILS mode, it is 
readily understood that the performance of the guidance 
will be better in the example of figure 3 than in the 
example of the first variant of figure 2 (position 
error of around 72 meters) . However, it should be noted 

2 0 that, even in the example of the first variant of 
figure 2, the position error remains well below the 
precision required during the approach, which is of the 
order of 180 meters. 

25 In another embodiment represented in figure 4, the 
inertial reference unit 12 is connected directly to the 
multimode receiver 5, by way of a specific link 21 
which can correspond, for example, to the link 2 0 of 
figure 3. 

30 

In this last embodiment, the multimode receiver 5 
determines a refined position indication of the 
aircraft, on the basis: 

- of a position indication which is provided by the 
35 software function 18 (GPS) which is integrated into 

said multimode receiver 5; and 

- of a position indication which is determined by the 
inertial reference unit 12 (on the basis of data 
emanating from anemometric and/or inertial sensors) 
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and which is transmitted by the link 21. 
Additionally, it will be noted that: 

- in the first variant of the embodiment of figure 2 
5 and in the embodiment of figure 3, the position 

indication that the inertial reference unit 12 
receives from the GPS device 16 corresponds to raw 
data, that is to say to data of relative position of 
the aircraft with respect to various GPS satellites; 
10 and 

- in the second variant of the embodiment of figure 2 
and in the embodiment of figure 4, the position 
indication determined by the software function 18 
corresponds, preferably, to a position of the 

15 aircraft in a terrestrial reference frame and 

characterized for example by its latitude, its 
longitude and its altitude. 
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CLAIMS 

An aircraft piloting system, at least for piloting 
the aircraft during a non precision approach with 
a view to a landing, said piloting system (1) 
comprising : 

- information sources (2) which provide at least 
one indication of position relating to the 
actual position of the aircraft and information 
making it possible to characterize a virtual 
approach axis; 

- an information processing unit (3) , which 
processes information emanating from said 
information sources (2) and which is able to 
determine lateral and vertical deviations 
between the actual position of the aircraft and 
the position that it would have if it were on 
said virtual approach axis; and 

- a user device (4) f which uses the results of 
processings implemented by said information 
processing unit (3) , 

wherein said information processing unit (3) 
comprises a landing aid multimode receiver (5) 
intended for implementing a precision approach and 
moreover comprising an assisted approach mode 
function (6) , which is integrated into said 
receiver (5) and which is able to implement a non 
precision approach, by determining the lateral and 
vertical deviations between the actual position of 
the aircraft and the position that it would have 
if it were on said virtual approach axis. 

The piloting system as claimed in claim 1, 
wherein said landing aid multimode receiver (5) 
comprises a satellite-based positioning function 
(18) , linked with a satellite-based positioning 
system. 

The piloting system as claimed in either one of 
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claims 1 and 2 , 

wherein said information sources (2) comprise a 
flight management computer (8) . 

The piloting system as claimed in claim 3, 
wherein said information sources (2) comprise, 
moreover, a plurality of sensors (10, 11, 12) 
which are connected to said flight management 
computer (8) . 

The piloting system as claimed in either one of 
the preceding claims, 

wherein said information sources (2) comprise, 
moreover, an inertial reference unit (12) which 
determines a first position indication of the 
aircraft . 

The piloting system as claimed in claim 5, 
wherein said inertial reference unit (12) provides 
said first position indication to a flight 
management computer (8), which transmits this 
first position indication to said landing aid 
multimode receiver (5) . 

The piloting system as claimed in claim 5, 
wherein said inertial reference unit (12) provides 
said first position indication directly to said 
landing aid multimode receiver (5) , by way of a 
specific link (21) . 

The piloting system as claimed in claim 7, 
wherein said landing aid multimode receiver (5) 
comprises a satellite-based positioning function 
(18) linked with a satellite-based positioning 
system, which determines a second position 
indication, and wherein said landing aid multimode 
receiver (5) determines on the basis of said first 
and second position indications a first refined 
position indication . 
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The piloting system as claimed in claim 5, 
which comprises a satellite-based positioning 
device (16) which determines a third position 
indication which it provides to said inertial 
reference unit (12) , and wherein said inertial 
reference unit (12) determines a second refined 
position indication on the basis of said first and 
third position indications. 

The piloting system as claimed in claim 9, 
wherein said inertial reference unit (12) provides 
said second refined position indication to the 
flight management computer (8) , which transmits 
this second refined position indication to said 
landing aid multimode receiver (5) . 

The piloting system as claimed in claim 9, 
wherein said inertial reference unit (12) provides 
said second refined position indication directly 
to said landing aid multimode receiver (5) , by way 
of a specific link (20) . 

The piloting system as claimed in claim 5, 
which comprises a satellite-based positioning 
device (16) which determines a fourth position 
indication which it provides to a flight 
management computer (8) , wherein said inertial 
reference unit (12) provides said first position 
indication likewise to said flight management 
computer (8) , and wherein said flight management 
computer (8) determines, on the basis of said 
first and fourth position indications, a third 
refined position indication, which it transmits to 
said landing aid multimode receiver (5) . 

An aircraft, 

which comprises a piloting system (1) such as that 
specified under either one of the claims 1 to 12. 


ABSTRACT 

- Aircraft piloting system, at least for piloting the 
aircraft during a non precision approach with a view 
to a landing. 

- The piloting system (1) comprises information sources 
(2) which provide at least one indication of the 
actual position of the aircraft and information 
making it possible to characterize a virtual approach 
axis, and an information processing unit (3) , which 
comprises a landing aid multimode receiver (5) which 
comprises an assisted approach mode function (6) , 
which is able to determine the lateral and vertical 
deviations between the actual position of the 
aircraft and the position that it would have if it 
were on said virtual approach axis, and which 
transmits the lateral and vertical deviations thus 
determined to a user device (4) . 
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La presente invention concerne un systeme de pilotage d'un aero- 
nef, au moins pour piloter I'aeronef lors d'une approche de non precision 
en vue d'un atterrissage. 

Dans le cadre de la presente invention, on entend par "approche 
de non precision" (en anglais "non precision approach") une approche qui 
n'est pas une approche de precision aux instruments, telle que par exem- 
ple une approche de type ILS ("Instrument Landing System"). On sait que, 
pour mettre en oeuvre une approche de precision aux instruments, on uti- 
lise des stations sol qui sont situees en borclure de piste et au moins un 
recepteur radio specialise monte a bord de I'aeronef, qui fournit un gui- 
dage horizontal et vertical avant et pendant I 'atterrissage en presentant au 
pilote la deviation laterale par rapport a un axe d'approche et la deviation 
verticale par rapport a un plan de descente. Une telle approche de preci- 
sion aux instruments apporte une assistance importante et efficace a ('at- 
terrissage (par un guidage lateral et un guidage vertical), en particulier par 
mauvaise visibility (brouillard, ...) ou en absence de visibility 

Une approche de non precision, telle que consideree dans la pre- 
sente invention, existe done lorsque les informations precedentes ne sont 
pas disponibles, tout au moins en partie, de sorte qu'une approche de pre- 
cision usuelle ne peut pas etre mise en ceuvre.' 

La presente invention concerne un systeme de pilotage permettant 
de mettre en ceuvre une telle approche de non precision. 

A cet effet, selon Invention, ledit systeme de pilotage du type 
comportant : 

- des sources d'intormations ; 
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- une unite de traitement d'informations, qui traite des informations 
issues desdites sources d'informations ; et . 

- un dispositif utilisateur, qui utilise !es resultats de traitements mis en 
oeuvre par ladite unite de traitement d'informations, 

5 est remarquable en ce que : 

- lesdites sources d'informations fournissent a ladite unite de traitement 
d'informations, au moins une indication de position relative a la position 
effective de Taeronef et des informations permettant de caracteriser un 
axe d'approche virtue! ; et 

10 - ladite unite de traitement d'informations comporte un recepteur multi- 
mode d'aide a Tatterrissage qui comprend une fonction de mode d'ap- 
proche assiste, susceptible de determiner les deviations Iaterale et ver- 
ticale entre la position effective de I'aeronef et la position qu'il aurait 
s'il etait sur iedit axe d'approche virtue!, et qui transmet les deviations 
15 Iaterale et verticale ainsi determinees audit dispositif utilisateur. 

Un tel recepteur multimode d'aide a Tatterrissage, de preference 
de type MMR ("Multi Mode Receiver"), est destine de facon usuelle a met- 
tre en oeuvre une approche de precision aux instruments, par exemple de 
type !LS # en utilisant les signaux transmis par les stations sol precitees. 
20 Grace a ['integration conforme a ('invention de ladite fonction de 

mode d'approche assiste dite FLS (qui permet de mettre en oeuvre une 
approche de non precision) dans Iedit recepteur multimode d'aide a Tatter- 
rissage, on peut utiliser des liaisons entre equipements (calculateurs, cap- 
teurs) existant deja, comme precise ci-dessous, et la mise en oeuvre de 
25 Tinvention necessite uniquement des modifications de type logiciel, ce qui 
permet bien entendu de reduire le cout et Tencombrement. 

De plus, cette solution est Ires robusle et evolutive, puisque les 
eventuelles mises a jour peuvent etre realisees (simplement et rapidement) 
de facon logicielle. 
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De facon avantageuse, ledit recepteur multimode d'aide a I'atter- 
nssage comprend une fonction de positionnement par satellites, en liaison 
avec un systeme de positionnement par satellites. 

En outre, dans un mode de realisation prefere, lesdites sources 
5 d'informations comportent un caiculateur de gestion de vol, de preference 
de type FMS ("Flight Management System"), ainsi qu'une pluralite de cap- 
teurs qui sont relies audit caiculateur de gestion de vol. 

Par ailleurs, de facon avantageuse, lesdites sources d'informations 
comportent, de plus, une unite de reference inertielle qui determine une 
10 premiere indication de position de I'aeronef. 

Dans ce cas, dans, une premiere variante, ladite unite de reference 
inertielle fournit ladite premiere indication de position au caiculateur de 
gestion de voi, qui transmet ensuite cette premiere indication de position 
audit recepteur multimode d'aide a I'atterrissage. 

En outre, dans une seconde variante, ladite unite de reference iner- 
tielle fournit ladite premiere indication de position directement audit recep- 
teur multimode d'aide a I'atterrissage, par I'intermediaire d'une liaison 
specifique. Dans ce cas, avantageusement, ledit recepteur multimode 
d'aide a I'atterrissage comprend une fonction de positionnement par satel- 
lites, en liaison avec un systeme de positionnement par satellites, qui de- 
termine une seconde indication de position, et ledit recepteur multimode 
d'aide a I'atterrissage determine, a partir desdites premiere et deuxieme 
indications de position, une premiere indication de position affinee, qui est 
done particulierement precise. 

Par ailleurs, dans un mode de realisation particulier, le systeme de 
pilotage conforme a ('invention comporte un dispositif.de positionnement 
par satellites qui determine une troisieme indication de position qu'il four- 
nit a ladite unite de reference inertielle, et ladite unite de reference iner- 
tielle determine une seconde indication de position affinee a partir desdites 
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premiere et troisieme indications de position. Ceci permet d'obtenir une 
indication de position particulierement fiable et precise. 

Dans ce cas, dans une premiere variante, ladite unite de reference 
inertielle fournit ladite seconde indication de position affinee au calculateur 
de gestion de vol, qui transmet ensuite cette seconde indication de posi- 
tion affinee audit recepteur multimode d'aide a Tatterrissage. 

Dans une seconde variante, ladite unite de reference inertielle 
fournit ladite seconde indication de position affinee directement audit re- 
cepteur multimode d'aide a I'atterrissage, par rintermediaire d'une liaison 
specifique. Ceci permet d'ameliorer ie niveau d'integrite des indications de 
position de I'aeronef et, de plus, de reduire ieur deiai de transmission. 

Par ailleurs, dans un autre mode de realisation particulier, le sys- 
teme de pilotage confcrme a ('invention comporte un dispositif de posi- 
tionnement par satellites qui determine une quatrieme indication de posi- 
tion qu'il fournit a un calculateur de gestion de vol, ladite unite de refe- 
rence inertielle fournit ladite premiere indication de position egalement 
audit calculateur de gestion de vol, et ledit calculateur de gestion de vo! 
determine, a partir desdites premiere et quatrieme indications de position, 
une troisieme indication de position affinee, qu'il transmet audit recepteur 
multimode d'aide a I'atterrissage. 

Les figures du dessin annexe feront bien comprendre comment 
('invention peut etre realisee. Sur ces figures, des references identiques 
designent des elements semblables. 

Les figures 1 a 4 sont les schemas synoptiques de differents mo- 
des de realisation du systeme de pilotage conforme a I 'invention. 

Le systeme 1 conforme a ('invention et represents dans un mode 
de realisation de base sur la figure 1, est destine au pilotage d'un aeronef, 
en particulier d'un avion de transport civil, au moirs pojr piloter I'aeronef 
lors d'une approche de non precision (c'est-a-dire en ('absence d'informa- 


tions permettant de mettre en oeuvre une approche usuelle de precision 
aux instruments) en vue d'un atterrissage sur une piste d'atterrissage (non 
representee). 

Ledit systeme de pilotage 1 qui est embarque sur I'aeronef, est du 
type comportant : 

- des sources d 'informations 2 ; 

- une unite de traitement deformations 3, qui traite des informations 
issues desdites sources d'informations 2 ; et 

- un dispositif utilisateur 4, qui utilise les resultats des traitements mis en 
oeuvre par ladite unite de traitement d'informations 3. 

Selon ('invention : 

- lesdites sources d'informations 2 fournissent a ladite unite de traite- 
ment d'informations 3 : 

- au moins une indication de position relative a la position effective de 
I'aeronef, indication de position qui peut etre determinee et trans- 
mise de differentes facons dans le cadre de- la presente invention, 
. comma precise ci dessous ; et 
■ des informations permettant de caracteriser un axe d'approche vir- 
tuel, pour Tapproche de la piste d'atterrissage. Bien entendu, ces 
informations, considerees dans i'approche de non precision de la 
presente invention, ne comprennent pas les donnees de stations sol 
de guidage comme dans le cas d'une approche de precision aux ins- 
truments ; et 

- ladite unite de traitement d'informations 3 comporte un recepteur multi- 
mode d'aide a I'atterrissage 5, de preference de type MMR ("Multi 
Mode Receiver") qui comprend une fonction 6 de mode d'approche 
assiste, dite FLS, relative a une approche de non precision et suscepti- 
ble de determiner les deviations laterale et verticale entre la position 
effective de I'aeronef et la position qu'il aurait s'il etait sur ledit axe 
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d'approche virtuel, et qui transmet les deviations laterale et verticale 
ainsi determinees audit dispositif utilisateur 4, par I'intermediaire d'une 
liaison 7. 

On sait que lors d'une approche cie non precision, on peut mettre 
en oeuvre Tun d'une pluralite de modes d'approche assistes possibles, le 
mode d'approche assiste utilise etant selectionne par le pifote. Selon ces 
modes d'approche assistes : 

- un axe d'approche virtuel est determine, notamment a partir d'informa- 
tions contenues dans une base de donnees embarquee a bord de Taero- 
nef et faisant partie desdites sources d'informations 2 ; 

- les deviations laterale et verticale de la position de I'aeronef (dont une 
indication de position est recue desdites sources d'informations 2) par 
rapport a cet axe d'approche virtue), sont calculees par I'intermediaire 
de iadite fonction 6 de mode d'approche assiste FLS, qui est integree 
selon 1'invention dans ledit recepteur multimode d'aide a i'atterrissage 
5 ; et 

- I'aeronef est alors pilote de maniere a annuler ces deviations. 

Plus precisement, ledit dispositif utilisateur 4 utilise les informa- 
tions fournies par ledit recepteur multimode d'aide a I'atterrissage 5 pour 
permettre-le guidage de .I'aeronef jusqu'a son atterrissage, soit directe- 
ment (le dispositif utilisateur 4 peut alors comporter un pilote automati- 
que), soit indirectement (le dispositif utilisateur 4 peut alors comporter un 
ecran de visualisation, pour presenter lesdites informations au pilote qui 
realise dans ce cas le guidage). 

Comme on peut le voir sur les figures 1 a 4, lesdites sources d'in- 
formations 2 comportent un calculateur de gestion de vol 8, de preference 
de type FMS ("Flight Management System"), qui est relie par une liaison 9 
audit recepteur multimode d'aide a I'atterrissage 5, ainsi qu'une pluralite 
de capteurs 10, 11, 1 2 qui sont relies respectivement par des liaisons 13, 
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14, 15 audit calculates de gestion de vol 8 et qui component notam- 
ment : 

un radi °P h are 10 d'alignement omnidirectionnel VHF, de preference de 
type VOR ("VHF Omnidirectional Range"). Un tel radiophare omnidirec- 
tionnel a tres haute frequence et courte portee, fournit a bord de I'aero- 
nef Indication d'un relevement du radiophare ou les ecarts gauche et 
droit par rapport a la route ; 

- un dispositif de mesure de distance 11, de preference de type D'ME 
("Distance Measuring Equipment"). Un tel dispositif mesure le temps 
aller-retour cle signaux entre I'aeronef et un emetteur/recepteur au sol et 
en deduit la distance et la vitesse sol ; et 

- une unite de reference inertielle 12, de preference de type IRS ("Inertia! 
Reference System") ou de type ADIRS ("Air Data and Inertial Reference 
System"). 

Le calculates de gestion de vol 8 transmet au recepteur multi- 
mode d'aide a I'atterrissage 5 des informations (position du seuil de la 
piste, d'atterrissage, pente ou angle de descente, ...) issues, par exemple, 
d'une base de donnees et permettant de caracteriser un axe d'approche 
virtuel qui est representatif du mode d'approche assiste, selectionne par le 
pilote (parmi la pluralite de modes d'approche assistes qui sont possibles 
pour une approche cle non precision). 

Par ailleurs, ledit calculates de gestion de vol 8 transmet egale- 
ment audit recepteur multimode d'aide a I'atterrissage 5, une indication de 
position de I'aeronef, qui permet de definir I'altitude, la longitude et la lati- 
25 tude de I'aeronef. 

Dans le mode de realisation particulier represente sur la figure 1 : 
- dans une premiere variante, cette indication de position est calculee par 
le calculates 8, a partir d' informations recues de differents systemes et 
capteurs 10, 11, 1 2 ; et 
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reside dans le fait que cette variante ne necessite pas de modification du 
iogiciel de I'unite de reference inertielle 12. 

Le mode de realisation de la figure 3 est prochs de ceiui de la pre- 
miere variante de la figure 2, ia seule difference etant que I'unite de refe- 
5 rence inertielle 12 transmet ('indication de position affinee, directement, 
au recepteur multimode 5, a I'aide d'une liaison specifique 20, c'est-a-dire 
sans passer par le calculateur 8. 

Ceci permet d'ameliorer le niveau d'integrite de Vindication de po- 
sition de i'aeronef. En effet, le calculateur 8 presente un niveau d'integrite 

10 qui est plus faible que les niveaux d'integrite de I'unite 12 et du recepteur 
multimode 5. II en resulte que le niveau d'integrite des informations est 
meilleur lorsque le recepteur multimode 5 les recoit de i'unite 12 que lors- 
qu'il les recoit du calculateur 8. 

Un autre avantage de ce mode de realisation reside dans ie fait 

15 que le retard entre ie moment ou des donnees (signaux GPS, informations 
des capteurs de I'unite de reference inertielle 12) permettant de calculer 
lesdites indications de position, sont recues a bord de I'aeronef, et le mo- 
ment ou lesdites indications de position sont recues par Ie recepteur mul- 
timode 5, est moindre que dans ladite premiere variante du mode de reaii- 

20 sation de la figure 2, puisque Ton supprime ['operation de traitement des- 
dites indications de position par ie calculateur 8. 

Cela permet d'ameliorer ies performances du guidage realise (par 
exemple par le pilote automatique) a partir des informations d'ecart (entre 
la position de I'aeronef et I'axe d'approche virtue!) elaborees par le recep- 

25 teur multimode 5. Par exemple, on peut estimer ce retard a environ 1 se- 
conde (correspondant a une distance parcourue par I'aeronef, done a une 
erreur de position, d'environ 72 metres pour une vitesse d'approche de 
140 nceuds) dans I'exemple de h premiere variante d« la figure 2 f et a 
seulement 150 millisecondes (soil une erreur de position d'environ 11 me- 
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tres) dans I'exemple de la figure 3. Or, les lois de guidage integrees dans 
le pilote automatique son! optimisees pour le mode ILS, dans lequel un 
retard du au traitement des informations est de I'ordre de 100 millise- 
condes (soil une erreur de position d'environ 7 metres). Ladite erreur de 
position d'environ 1 1 metres etant voisine de I'erreur de position. d'environ 
7 metres correspondant au mode ILS, on comprend aisement que les per- 
formances du guidage seront meilleures dans I'exemple de la figure 3 que 
dans I'exemple de la premiere variante de la figure 2 (erreur de position 
d'environ 72 metres). Toutefois, il convient de noter que, meme dans 
I'exemple de la premiere variante de la figure 2, I'erreur de position reste 
bien inferieure a la precision requise lors de I'approche, laquelle est de 
I'ordre de 1 80 metres. 

Dans un autre mode de realisation represents sur la figure 4, 
I'unite de reference inertielle 12 est reliee directement au recepteur multi- 
mode 5, par I'intermecliaire d'une liaison specifique 21 qui peut corres- 
ponds, par exemple, a la liaison 20 de ia figure 3. 

. Dans ce dernier mode de realisation, le recepteur multimode 5 de- 
termine une indication de position affinee de I'aeronef, a partir : 

- d'une indication de position qui est fournie par la fonction logicielle 18 
(GPS) qui est integree dans ledit recepteur multimode 5 ; et 

- d'une indication de position qui est determinee par I'unite de reference 
inertielle 12 (a partir de donnees issues de capteurs anemometriques 
et/ou inertiels) et qui est transmise par la liaison 21 . 

Par ailleurs, on notera que : 

- dans la premiere variante du mode de realisation de la figure 2 et dans 
le mode de realisation de la figure 3, ('indication de position que I'unite 
de reference inertielle 12 recoit du dispositif GPS 16 correspond a des 
donnees brutes ("raw data"), c'est-a-dire a des donnees de position re- 
lative de I'aeronef par rapport a differents satellites GPS ; et 
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dans la seconde variante du mode de realisation de la figure 2 et dans 
le mode de realisation cie la figure 4, I'indication de position determinee 
par la fonction logicielie 18 correspond, de preference, a une position 
de I'aeronef dans un reference! terrestre, caracterisee par exemple par 
sa latitude; sa longitude et son altitude. 
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REVENDICAT IOM.S 
l.;Systeme de pilotage d'un aeronef, au rnoins pour piloter I'aero- 
nef lors dlune approche de non precision en vue d'un atterrissage, ledit 
systeme db pilotage (1) comportant : 

- des sources' d 'informations (2) qui fournissent au moins une indication 
de posijion relative a la position effective de I'aeronef et des informa- 
tions peVmettant de caracteriser un axe d'approche virtuel ; 

- une uniU de traitement d'informations (3), qui traite des informations 
issues desdites sources d'informations (2) et qui est susceptible de de- 
terminer des deviations laterale et verticale entre la position effective de 
I'aeronqf et ;la position qu'il aurait s'il etait sur ledit axe d'approche vir- 
tuel ; et 

- un dispisitif! utilisateur (4), qui utilise les resultats de traitements mis en 

i 

ceuvre p^r ladite unite de traitement d'informations (3), ■ 
caracteris^ eh ce que ladite unite de traitement d'informations (3) 
comporte un recepteur multimode d'aide a i'atterrissage (5) destine a met- 
tre en oeuj/re une approche de precision et comprenant de plus une func- 
tion (6) d^ mode d'approche assiste, qui est integree dans ledit recepteur 
(5) et qui est susceptible de mettre en ceuvre une approche de non 
precision, j en determinant les deviations laterale et verticale entre la 
position effective de I'aeronef et la position qu'il aurait s'il etait sur ledit 
axe d'approche virtuel. 

2. Systeme de pilotage selon la revendication 1, 

caracteris^ en ice que ledit recepteur multimode d'aide a I'atterrissage (5) 
comprendjune, fonction (18) de positionnement par satellites, en liaison 
avec un systeme de positionnement par satellites. 

3. ,'Systeme de pilotage selon I'une des revendications 1 et 2, 
caracterisef en ce que lesdites sources d'informations (2) comportent un 
calculated de gestion de vol (8). 
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. Adresse 

Rue 

12, Chemin des Mottes 

Code postal et ville 

13 i1 |1 i8i0j SAINT GENIES BELLEVUE 

Societe d'app 

artenance (facultatif) 


0 Nom 


Prenoms 


■ Adresse 

Rue 


Code postal et ville 

I . till ._ - 

Societe d'apr. 

)artenance (facultatif) 


S'il y a plus de trois inventeurs, utilisez plusieurs fornuilaires. Indiquez en haut a droite fe N° de la page sum du nornbre de pages. 

DATE ET SIGNATURE(S) 
| DU (DES) DEMANDEUR(S) 
| OU DU IVIANDATAIRE 
| (Nom et quaUte du signataire) 

le 19 mars 2003 'TV V r« 
Mandataire H CPl brevet" : — < * 1 1 °~ 
Bernard HAUER 
98-0504 (B) 

La loi n°78-17 du 6 janvier 1978 relative a I'informatique. aux fichiers et aux liberies s'apphque aux reponses faites a ce formulaire. 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 


O BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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FADED TEXT OR DRAWING 


